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Abstract. New technologies, such as social networks, wikis, blogs and other social tools, enable
collaborative work and are important facilitators of the social learning process. Many companies
are using these types of tools as substitutes for their intranets, especially software development
companies. However, the content generated by these tools in many cases is not appropriately orga-
nized. Therefore, this information is often not accessed by the company. Learning objects and units
of learning are two e-learning concepts that allow content to be organized in a suitable sequence,
thus improving its learning and reuse. Therefore, an approach is proposed to generate learning
objects and units of learning from social tools in order to organize information for easy reuse. To
evaluate the proposed approach, an experimental study was conducted and subjected to discursive
textual analysis. The results show that the approach is viable for improving organizational learning
in software development teams. Furthermore, the approach is efficient, especially in terms of the
acquisition of new knowledge. It also helps to maintain the organizational pattern and minimize the
reinvention of solutions and the repetition of errors.

Keywords: improving organizational learning, knowledge management, learning objects, unit of
learning.

1. Introduction

Knowledge is an essential property for companies in contemporary economics. More than
ever before, knowledge has been spreading among individuals, teams and organizations.
Thus, the capacity to create, acquire, integrate, implement and disseminate knowledge has
emerged as a fundamental competence for organizations in general (Takeishi, 2002) (Teece
et al., 1997). To be successful, companies not only must explore current knowledge but
must also continuously invest in the search for new knowledge as a strategic option for fu-
ture decisions and as a way of developing a competitive edge (Sambamurth ef al., 2003).
To create knowledge and help to improve organizational learning, a new trend con-
cerning knowledge enablement (a set of activities that positively affect knowledge cre-
ation) in organizations, is emerging under the name of Enterprise 2.0 (Capuano et al.,
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2010) which is defined by McAfee (McAfee, 2006) as the Emergent Social Software Plat-
forms within companies. These emergent social software platforms are based on social
tools, or Web 2.0 tools, such as social networks, wikis and blogs, and these tools mainly
facilitate the communication among people. These new technologies and social environ-
ments help learning to take place socially, with people creating and sharing knowledge
dynamically (Vassileva, 2009).

Nevertheless, although most social tools provide an efficient way to collaborate and
create knowledge, they do not provide the means to achieve the required characteristics
for social learning to occur satisfactorily.

Therefore, besides social tools, other mechanisms are required for social learning to
occur within organizations. One way to organize information, facilitating search, evalu-
ation and reuse, is to use learning objects (LO) and units of learning (UOL). A LO is de-
fined as any independent digital or non-digital entity that may be reused in several teach-
ing contexts (IEEE, 2002) (Polsani, 2004). Furthermore, a UOL can be seen as a general
name for a course, a workshop or a lesson that can be instantiated and reused many times
by different people and in different settings in an online environment (Koper et al., 2004).
Normally, a UOL is defined by a learning design, which is an application of a pedagogical
model for a specific learning objective, target group and a specific context or knowledge
domain (Koper et al., 2004).

Thus, it cannot be guaranteed that the content created by social tools will help to
promote organizational learning. However, the content produced by social tools within
companies can be better organized, thus helping to promote organizational learning.

Consequently, an approach is proposed to organize the content generated using social
tools in learning objects and later, using a learning design defined by an expert, create
units of learning, using semantic technologies. In this way, knowledge can be organized
didactically and instructionally, and be contextualized in specific domains so that it can
be reused and made easily available whenever necessary. Moreover, in order to confirm
the feasibility of this approach, an experiment was performed with software development
teams. This experiment shows that the use of units of learning in software development
teams can help to improve organizational learning and assist team members in the execu-
tion of some tasks.

The remaining sections of the paper are organized as follows: Section 2 contains the
related works; Section 3 describes the approach to generate units of learning from social
tools; Section 4 explains the experiment; Section 5 presents the results of the analyses;
Section 6 presents the discussion and the paper is concluded in Section 7.

2. Related works

In recent years, organizations have begun to place more value on the experience and know-
how of their employees, i.e., their knowledge (Davenport and Prusak, 1998). Therefore, it
has become a challenge to develop and implement processes that generate, store, organize,
disseminate and apply the knowledge produced and used in a company in such a way that
it can be systematically and reliably accessed by the organizational community.
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To this end, a concept that can help the management of organizational processes is
organizational learning (Senge et al., 1994) (Ali et al., 2002). However, for a company
applying organizational learning concepts, it is necessary to use knowledge generated by
its members systematically and reliably (Menolli et al., 2011).

In recent years, resources such as wikis, blogs and social networks have been used as
substitutes for intranets within companies (Carreras et al., 2011). Thus, several works are
focusing on social tools to improve organizational learning. However, although there are
many social resources, wikis are more prominent, and there are many researches explor-
ing the potential of wikis to help the learning process.

For instance, (Lykourentzou ef al., 2010) proposes a wiki that every time that an arti-
cle is added, a novel expert peer matching algorithm (EPM), searches the human network
of the organization to select the most appropriate peer employee to improve the quality
of the article. Another study focusing on wikis (Dantas and Farias, 2010), presents an
architecture using ontology as metadata to contextualize user search for information. The
study presented by (Tseng and Huang, 2011) examines the content, technical and social
values of Wikipedia to explore its influence on knowledge sharing and job performance.
Finally, (Hadjerrouit, 2012) explores technical and pedagogical usability issues of col-
laborative learning with wikis.

However, none of the studies mentioned above uses the LO or UOL concept. Nor-
mally, LO and UOL studies are oriented to e-learning environments, for example (Leung
and Li, 2007), and they are not generally applied to research on companies. Furthermore,
studies attempting to develop learning objects or units of learning automatically or semi-
automatically are focused on the educational field, for instance, (Zouq and Nkambou,
2009), which introduces an approach that allows the accumulation of existing pedagogi-
cal resources, creating the first content metadata based on text mining and natural lan-
guage processing, to develop learning objects dynamically.

Thus, the present study proposes organizing the contents generated by social tools in
LOs and UOLs to make it possible to organize these contents in an adequate sequence,
improving their learning and reuse. Moreover, the proposal also includes investigating
whether this organization can help the learning of members of software development
teams, thus aiding the promotion of organizational learning. In the following section, the
proposed approach is presented.

3. Proposed approach

The proposed approach aims to generate units of learning from existing content in
social tools. This approach is divided into two parts; the first defines learning objects
from social tools, and the second generates the content packages of the units of learn-
ing. The first part of the approach was proposed by (Menolli et al., 2012a), and is shown
in Fig. 1.

In the approach presented in Fig. 1, users first introduce content in the social tool.
From the content inserted in the tool, an information retrieval component is used in order
to extract and classify attributes according to the Ontology for Organizational Learning
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Fig. 1. Schema to generate learning objects from social tools by (Menolli et al., 2012a).
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Objects (OOLO) (Menolli et al., 2012b), and the population component generates indi-
viduals in the Organizational Learning Object (OLO) format. These individuals are stored
in a repository (Menolli et al., 2012a).

Therefore, using the learning objects generated, the purpose to improve the (Menolli
et al., 2012a), approach, aiming to generate not only learning objects, but also courses,
in order to promote a gain in the learning of the staff within companies. Fig. 2 shows the
second part of the approach, the schema to generate units of learning semi-automatically
from social content.

The schema presented in Fig. 2 is composed of three main components: (i) Learning
Design Schema, defined by the domain expert by whom the unit of learning will be cre-
ated; (ii) Learning Object Repository, a repository with all learning objects generated from
social tools; and (iii) Unit of Learning Generator, the component responsible for search-
ing in the Learning Object Repository for Learning Objects resources to create the unit of
learning. Each one of these components is described in detail in the following sections.
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Fig. 2. Schema to generate units of learning from social tool.
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A. Learning Design Schema

The Learning Design Schema is adapted from IMS Learning Design (IMS LD). The
IMS LD specification is a meta-language that describes all the elements of the design of
a teaching-learning process, and drawn up by the IMS/LDWG work group (IMS, 2003).
IMS LD describes a method that is made up of a number of activities conducted by both
learner and staff in order to achieve some learning objectives (Amorim ef al., 2006).

An expert within the company must define the Learning Design Schema manually.
The expert is responsible for defining both the course content as the sequence of content.
In this study, an adaptation of the schema of learning design schema was used (IMS,
2003), and the structure is presented in Fig. 3.

B. Learning Object Repository

The Learning Object Repository contains all learning objects generated by the schema
presented in Fig. 1. This repository is an ontology called Ontology for Organizational
Learning Objects (OOLO) (Menolli et al., 2012b), and this ontology is based on the IEEE
LOM standard (IEEE, 2002).

Therefore, from the content inserted into the social tools, an information retrieval
component is used in order to extract and classify attributes according to the OOLO.
From the attributes extracted, the component generates individuals in the Organizational
Learning Object (OLO) format and populates the OOLO with the individuals.

C. Unit of Learning Generator
The Unit of Learning Generator is the gray box in Fig. 2. This component is composed of
other five elements, which are:
e Search LO by LA: this component reads the Learning Design Schema and at the
Learning Object Repository discovers the learning objects, which correspond to
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Fig. 3. Learning Design Schema Structure. Adapted from (IMS, 2003).
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Learning Activities (LA), described in the Learning Design Schema, generating a
list of learning object candidates for each learning activity.

o List of LO candidates by LA: a list of learning objects that are possible resources for
each learning activity. From this, for each learning activity, the expert chooses the
appropriate learning object, as the corresponding resource for the learning activity.

e Content Packages Generator: using the Learning Design Schema, and the list of
LO by LA, this component generates a structure of a course for each role-part
presented in the Learning Design Schema. The courses are created as content pack-
ages, and their structure is related to the activity structure or learning activity de-
fined for each role-part.

o (Content Packages: these are the physical structure of the courses. A unit of learning
can have more than one Content Package. The IMS Content Packaging Specifica-
tion describes how digital resources can be organized into logical units of learning
known as content packages (IMS, 2004).

As result, the proposed approach enables the content inserted into the social tool as
learning objects to be organized. This facilitates the reuse of content and makes it pos-
sible to use the content in e-learning environments. Furthermore, using a semi-super-
vised approach, any expert can easily create units of learning, organizing the material
produced within a company into modules that are didactically planned and contextual-
ized in specific domains. This supports a better reuse of information and helps new team
members to understand routines or organizational practices, thus promoting the learning
organization.

4. Experiment

To assess the approach, an experiment was proposed. The main purpose of the experiment
was to evaluate how the units of learning can help members of a software development
team by focusing on improvements to existing software. Therefore, its applicability, con-
ditions and possible restrictions were evaluated. Furthermore, the results were analyzed
in order to evaluate the benefits and problems of the proposal.

As learning objects, in our approach, is a required step to generate units of learn-
ing and the proposal of (Menolli et al., 2012a) generates the learning object from wiki
tools, this tool was used in our experiment. Therefore, pages from Wikipedia and a
private wiki were extracted and organized into learning objects. From these objects
units of learning, such as a course, were generated. These courses have the content and
sequence defined by a domain expert. The intention was to analyze the impact that these
materials, built using the expert’s definitions, have on members of a software develop-
ment team.

A. Experimental Method

This is an experimental study, which aims to collect data in a controlled environment to
confirm or deny a hypothesis. The experimental method considers the proposal and evalu-
ation of the model with experimental studies (Basili, 1996).
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In this experiment, the experimental strategy was chosen using a controlled experi-
ment in a small object of study. Therefore, the experiment was classified according to
(Basili, 1996) as it was:

e a descriptive study, as there may be patterns in the data but the relationship among
the variables has not been examined;

e in vitro, because it is in the laboratory, under controlled conditions and therefore a
controlled community was used,

e performed on novices, which are students with little experience in the study do-
main and

e an observational study, since there was no treatment or controlled variables.

In the next sections, the phases of the experimental study are described.

B. Definition of Objectives
To evaluate whether the material generated by social tools in units of learning can help
software developers focusing on improvements in existing software.

C. Planning
The planning phase was divided into four parts. Each part is described in the following
subsections.

1) Definition of Hypotheses: to guide the research three hypotheses were established
based on the main goal of this experiment, which are described below:

e HI1: developers, who have access to the units of learning, solve the required
tasks faster than those who do not have access.

e H2: developers, who have access to the unit of learning, solve the required
tasks according to the organizational pattern more often than developers who
do not have access to the units of learning.

e H3: the organization of information generated by the social tool into units of
learning helps the software developers to understand new knowledge more
easily than developers who do not have access to the units of learning.

2) Selection of Participants: the participants who collaborated in this experiment
were computer science undergraduate students.

The participants are individuals who have been specially selected from the
population of interest to conduct the experiment.

Furthermore, the experiment wants simulating the individuals’ behavior within
an enterprise software development. Thus, the group of participants has to be ho-
mogeneous, so that participants must be able to perform the tasks proposed in a
similar time.

To select the participants a Participant Profile Questionnaire' was applied, at-
tempting to identify students with the characteristics of a Java junior programmer.
For this experiment, it was established that a junior programmer is a person who
has less than 4 years of experience in object-oriented programming and basic to

lhttps://docs.google.com/a/uenp.edu.br/spreadsheet/viewform?formkey=dE1SS2Et
N251cmRPX09yeHhDRURrYXcoMQ
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intermediate knowledge of software architecture, design patterns, organization and
good coding practices.

From a group of seventy students, nine participants were selected. The sample
represents a homogeneous software development team. All were male and between
20 and 25 years old. One of the students performed the pilot experiment, and the
other eight actively participated in the experiment.

3) Description of the Experiment: In this experiment, we want to evaluate whether

the proposed approach can improve the organizational learning, through the obser-
vation of real tasks performed by the participants. The participants were asked to
perform two maintenances on existing software. The software is a system for the
management of course work completion, developed in Java for the desktop plat-
form and has simple 3-tier architecture.

The two proposed maintenances were applications of design patterns. In the
first maintenance, the participants were asked to improve the classes that manage
data persistence, applying the Data Access Object (DAO) pattern. However, this
maintenance was divided into two tasks:

e Applying the DAO pattern using the Generic DAO in the student, teacher, area,
employee and person classes that have the same data persistence methods.

e Applying the Factory pattern together with Generic DAQO, in case of changes
to the DBMS, since the Generic DAO pattern was applied specifically to Post-
gres connections.

The second maintenance was applied in the persistence layer. The participants
were asked to apply the Singleton pattern in the class responsible for creating the
connection to DBMS. They were then asked to modify the project, applying the Fac-
tory Method pattern. Thus, the second maintenance was divided into two tasks:

e Applying the Singleton pattern in the class responsible for creating the connec-
tion to DBMS, ensuring that there is only one instance of this class.

e Adapting to the Singleton pattern, implemented prior to the Factory Method
pattern, creating a factory for connections to multiple DBMSs.

Consequently, each of the maintenances was divided into two tasks, and it was
necessary to perform both tasks to complete each maintenance. From this, using
the approach of Fig. 2, an expert developed units of learning, as content packages,
to help the participants to perform each of the maintenances.

The expert that generated the units of learning conducted the entire experiment
and took notes about it. Furthermore, each participant performed the two mainte-
nances, and after completing each task, they answered a questionnaire to explain
their opinion of the task.

4) Description of Analysis: the analysis of this experiment was conducted using qual-

itative analysis. The qualitative study is related to research on objects when the
results are presented in natural terms (Seaman, 1999).

The analysis was realized using discursive textual analysis (Moraes and Gali-
azzi, 2006). This analysis is recommended for qualitative research, and this meth-
odology shares many of the assumptions evident in other methodologies that also
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belong to the field of textual analysis, such as content analysis (Bardin, 1977) and
discourse analysis (Pécheux, 1995).

To execute the analysis, in order to answer the hypotheses proposed in section
C-1), two questionnaires (shown in Table 1 and 2) were answered by the partici-
pants in the experiment. Table 1 shows the questions applied to participants who
had access to content package and Table 2 shows the questions applied to partici-
pants who did not have access to content package. Moreover, the notes made by
experts observing the execution of experiments were also used.In content analysis,
the research objectives are defined by the researcher, explaining the contexts that
she/he wishes to analyze. Thus, the first step of the analysis is to define the cat-
egories, which are units of general context, setting limits to perform the analysis

Table 1

Questionnaire applied at the end of the task — using content package

Question  Description

QA1 Which is your group?

QA2 Which is the task performed?

QA3 What time did you start performing the task?

QA4 What time did you finish performing the task?

QAS Have you ever implemented the proposed pattern to solve the task?

QA6 Did you have any difficulties while performing the task? If so, describe them.

QA7 Do you believe that the use of content package helped you to solve the task?
Give more details.

QAS Was the organization of the material adequate? Give more details.

QA9 Did the content package have all the contents required to solve the task? Give
more details.

QA10 Do you believe that content package helped you to solve the task? Give more
details.

QA11 Was there a specific content inside the content package that was most
important to solve the task? Give more details.

QA12 Please use this space to supply any further information you consider relevant.

Table 2

Questionnaire applied at the end of the task — not using content package

Question  Description

QB1 Which is your group?

QB2 Which is the task performed?

QB3 What time did you start performing the task?

QB4 What time did you finish performing the task?

QB5 Have you ever implemented the proposed pattern to solve the task?

QB6 Did you have some difficulty to perform the task? Describe about it.

QB7 Did you find materials that helped you to solve the task? What kind of web

pages did these materials have? Give more details.
QB8 Please use this space to supply any further information you consider relevant.
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(Moraes and Galiazzi, 2006). Each category generally contains several units of
analyzes, which is the unitary element content to be further submitted to classifica-
tion (Moraes and Galiazzi, 2006). Therefore, the units of analysis are the entities
that are analyzed in the study.
Thus, the general structure of discursive textual analysis is shown in Fig. 4,
which presents nine units of analysis organized into two categories.
Thereafter, the questionnaires answered by the participants were studied, along with
the expert’s notes. To facilitate the understanding of the text analysis, the following sym-
bolic identifiers were used:

e G1, G2: to identify which group the participant belongs to;

e P1, P2, ..., P8: to identify the participant that answered the question;

e TA, TB, TC, TD: to identify the task;

e QAIl, QA2,QA3, ..., QA12: to identify the questions in the questionnaire and ap-
plied upon completion of the task (using content package); and

QBI1, QB2, QB3, ..., QBS: to identify the questions in the questionnaire applied
upon completion of the task (without using content).

D. Execution
As mentioned above, each maintenance was divided into two tasks, resulting in two main-
tenances and four tasks, called A, B, C and D. During tasks A, B and C the participants
had no prior knowledge to conduct them, and during the task D the participants had al-
ready performed a similar task. Three experts classified each task as easy or moderate.
The eight selected participants were divided into two groups, G1 and G2, so that, a
balanced experiment was created, with two homogenous development teams. Therefore,
the experimental method applied was a replicated study (controlled experiment) with two
treatments: participants using the content packages and participants not using the content

Categories Unit of Analysis

Solving an Easy Task

Bolving a Moderate Task

Using Content Package

Resolution of Problem l—

Not Using Content Package

Time Eequiredto Jolve a Moderate Task

Organization

Content Package l— Content

1 1t 1 [ T 1

Time Requiredto Bolve anEasy Task |

Type of Content

Fig. 4. General structure of discursive textual analysis.
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packages, all performing the same task. The experiment was executed four times, each
one with a member from each group. The experiment was conduct in this way to facilitate
the observation of the expert. Table 3 summarizes the experiment. During the execution
of tasks, all participants had access to the Internet to search for material that could help
them to solve the tasks.

After completing each task, the participants answered a questionnaire. Participants
who had access to content package answered the Questionnaire applied at the end of the
task — using content package (Table 1) and the participants who did not have access to
the content package answered the Questionnaire applied at the end of the task — without
using content package (Table 2).

In the following sections the results are given of the textual analysis for each category
and unit of analysis presented in Fig. 4, based on 32 responses from 2 questionnaires and
notes from experts.

5. Results

In this section, the main findings following analysis of each category and the units of
analysis are presented. For each unit of analysis, the answered questions or expert notes
related to the unit were analyzed, exploring the main ideas in the text, in order to answer
a question proposed by the unit of analysis.

A. Resolution of Problem
The first category analyzed was the Resolution of Problem. The results of each unit of
analysis in this category are described below.

1) Solving an Easy Task: the purpose of this unit is to answer the question: Did the
participants correctly solve the proposed easy tasks? The analysis of this unit was
done based on expert notes. An analysis was made regarding whether the task solu-
tion was implemented in the expected way, since there are many ways to imple-

Table 3

Overview of maintenance and task performed

. . Access to Content
Maintenance  Task Complexity  Group

Package

1 A Easy Gl Yes
G2 No

B Moderate Gl Yes

G2 No

2 C Easy Gl No
G2 Yes

D Moderate Gl No

G2 Yes




284

A.L.A. Menolli, S. Reinehr, A. Malucelli

ment a pattern design. Therefore, an organizational pattern was set for each task,
and this pattern was how the task was expected to be performed.

Considering the easy tasks, in which participants had access to the content
package, 87% of the implementations were performed in the expected pattern. In
relation to the participants who did not have access to the content package, 75% of
the implementations were carried out in the expected way.

2) Solving a Moderate Task: the purpose of this unit is to answer the question: Did

the participants correctly solve the proposed moderate tasks? For moderate tasks,
in which participants had access to the content package, all implementations were
performed in the expected pattern. For participants who did not have access, 37.5%
of the implementations were carried out as expected.

3) Using Content Package: The purpose of this unit is to answer the question:

What impact did the use of the content package have on solving the task?. This
analysis was done using QA6 and QA7. All participants with access to the con-
tent package reported that it helped them to complete the task, but 50% of them
still experienced difficulty. The difficulty was basically because they had never
applied the required pattern. Some answers that stood out included the following
statements:

o “First, I've had difficulty in assimilating knowledge, because I've never heard
about it, and had no idea how to implement” (QA6, P4, G1, TA).

® “The greatest difficulty was that I have never used the pattern before and don 't
know how to use it very well ” (QA6, P6, G2, TC).

4) Not Using Content Package: the purpose of this unit is to answer the question:

How did the available resources, without being organized as units of learning, af-
fect the resolution of tasks? This analysis was done using QB6 and QB7. 50% of
the participants reported no problems in solving the task, whereas the other 50%
reported having difficulty performing the task. The difficulty was basically because
they had never applied the required pattern. Another problem was the difficulty in
finding good examples that could be easily used in the project. Some answers that
stood out include:

e “There were several materials. Each only reported on what was improved,
while others provide code examples, but each site had a different example”
(QB7, P4, G1, TC).

e “Lack of prior knowledge required. Lack of understanding of simple educa-
tional materials, organized into stages” (QB7, P7,G2,TA).

Furthermore, it was reported that the main sites used to help solve the problems
were wikis and forums.

5) Time required to solve an Easy Task: the purpose of this unit is to answer the ques-

tion: Is there a difference in the time taken to solve easy tasks between developers
who had access to the units of learning and those who did not have? The analysis
was conducted using QA3, QA4, QB3 and QB4. There was a significant difference
in the length of time taken to solve the task by the participants who had access to
the content package and those who did not.
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The average time to perform Task A was 54 minutes for participants who had
access to content package, and 108 minutes for participants who did not have ac-
cess. This result demonstrates a difference of 100%.

Task C, for participants who had access to the content package, was performed
in 26 minutes on average, and for those who had no access, it was performed in 33
minutes on average, a difference of 23%.

Therefore, the total time to perform both easy tasks was 80 minutes, for those
who had access to content package, against 141 minutes for those who did not have
access, a difference of 76%.

6) Time Required to solve a Moderate Task: the purpose of this unit is to answer the
question: Is there a difference in the length of time taken to solve moderate tasks
between developers who had access to the units of learning and those who did not?
The analysis of this unit was done using questions QA3, QA4, QB3 and QB4. Two
moderate tasks were prepared. For the first, none of the participants had already
implemented the proposed pattern. In contrast, for the second task they had already
implemented the proposed pattern.

The average time taken to perform Task B was 55 minutes for participants who
had access to content package, and 73 minutes for participants who did not have
access. This result demonstrates a difference of 46%.

Task D, for participants who had access to the content package, was performed
in 37 minutes on average, and for those who had no access, it was performed in
25 minutes on average, a difference of 48%. Unlike the other tasks, when it came
to Task D, as the participants had already performed a task using the same pattern,
those who did not have access to the content package performed more quickly.

B. Content Package

This category aims to analyze whether the content package was well built to help the
participants to perform the tasks. For this purpose, three units of analysis were defined:
Organization, Content, and Content Type.

1) Organization: the purpose of this unit is to answer the question: Was the content
of the content package well organized? This question was analyzed using QAS. All
participants in the experiment with access to the content package, reported that the
organization was adequate, facilitating the understanding of content and therefore
helping to solve the tasks.

2) Content: the purpose of this unit is to answer the question: Did the content pack-
age have all the content required to solve the task? This question was analyzed
using QA9. All participants of the experiment with access to the content package
claimed that the content package had all the contents needed to enable the perfor-
mance of the proposed task.

3) Content Type: the purpose of this unit is to answer the question: What kind of
material in the content package was important for solving the tasks? This question
was analyzed using QA 10 and QA11. In relation to the type of content that helped
the participants to solve the task, the example of code source is the material that
was most mentioned. However, several participants reported there is not a specific
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single type of material that helped, but rather the well-organized set of materials
that was essential to carrying out the tasks. The answers that stood out include the
following statements:

e “....the way the material was laid out facilitated the organization of ideas and
the development of the proposed work.” (QA10, P3, G1, TA);

® “There is no single type of material that helped. It was the well-organized set
of materials. ”(QA10, P1, G1, TA).

6. Discussion

This paper presents an approach for the semi-automatic generation of units of learning
from content inserted into a social tool in order to organize this content didactically by
an expert, to promote organizational learning within software development companies.
In order to analyze the feasibility of this approach, three hypotheses were defined and an
experiment was conducted for the purpose of proving or refuting the hypotheses.

An analysis of the results found that the time taken to solve a task, using the unit of
learning was less than the time to solve the same task without using unit of learning. Fig. 5
shows the average time in minutes to solve each task. In three of the four tasks the average
time was less for participants with access to the unit of learning. Only in Task D did the
participants without access perform the task in a shorter time. However, Task D was the
only task in which the participants had already performed a similar task.

Thus, this approach is efficient mainly when working with new knowledge, i.e., the
acquirement of new knowledge is faster. Therefore, based on this experiment, Hypothesis
H1 is true.

Another important point is how the tasks were performed. In the experiment, the pro-
posed tasks were often not implemented as expected. This may have been due to a misun-
derstanding of the requirements or different ways of implementing the same task. Fig. 6
shows the percentage of tasks performed as expected.

The number of tasks implemented, as expected, was higher or equal for those partici-
pants who had access to units of learning. Fig. 6 shows that the largest differences were in
Tasks B and D, which were the most complex. Therefore, although participants who did
not have access to the unit of learning performed Task D more quickly than participants
who had access to content package, in 50% of these cases they performed the task in a
way that was not expected.

108

54 55 M Acess to Content Package

I l 26 33 37 25 Mo access to Content Package

A B C D

Fig. 5. Time in minutes to solve each task.
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Fig. 6. Percentage of tasks performed as expected.

Therefore, based on this experiment, it is judged that the Hypothesis H2 is true. Conse-
quently, the approach is efficient to help developers to implement tasks using organization-
al patterns. Furthermore, a common problem that occurs in companies is the reinvention of
the solution and the repetition of errors (Tiwana, 2002). Therefore, the proposed approach
can help to minimize this problem, transferring the best practices and knowledge.

To analyze the third hypothesis, the first step was to analyze the difficulty of the par-
ticipants to assimilate the knowledge. From these data it is not possible assert that the Hy-
pothesis H3 is true, as 50% of the participants with access to the unit of learning reported
that they experienced difficulty to assimilate the knowledge, the same rate of those who
did not have access to the unit of learning.

However, if it is considered that those who had access to the units of learning solved
the tasks involving new knowledge faster and using the expected pattern, so it can be
inferred that they assimilated the knowledge better than those who did not have access.
Therefore, subsequently according to the experiment, the Hypothesis H3 is true. Thus, it
can be surmised that the organization of various materials into a course set by an expert
can help software developers to understand better the problem to be solved, as well as
perform the proposed tasks faster and more accurately.

Furthermore, the expert notes show that the participants who did not have access to
the units of learning, in some cases, even accessing the same material present in the unit
of learning, did not understand the content or were unsure if it was the correct solution or
the best solution to the problem. This is because the information was not contextualized
and organized by an expert, as were the units of learning.

Moreover, the use of this approach can help to mitigate a kind of problem that is very
common in companies in a knowledge-intensive field, such as software engineering. This
problem is unrecognized knowledge. This is when companies do not know what they
already know. As a result, they normally reinvent and fail to apply existing knowledge
(Tiwana, 2002).

Furthermore, the use of the proposed approach can motivate team members to gen-
erate documents, improving the coding of knowledge and assisting in the acquisition
of organizational knowledge. Topics mapped on learning design schema and needed to
generate the learning units may not exist in the knowledge base. This might facilitate the
identification of missing content, motivating members to create these contents.

Hence, the experiment confirms that the organization of information into units of
learning helped the participants to perform the tasks because the material was clearly
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organized, with concise logic, facilitating the organization of ideas. However, the ap-
proach will be effective only if there is appropriate content generated by social tools, as
well as, the learning design schema having to be generated by domain experts. For this,
the expert should know not only the domain but also the needs of those who will use the
units of learning.

7. Conclusions and Future Works

The work presented here focuses on the creation of units of learning from content inserted
into social tools with the purpose of organizing knowledge in order to facilitate its reuse.
This is necessary because these tools increasingly enhance the way people communicate,
but often do not care how the knowledge they generate is used.

The use of collaborative tools is a trend in software development companies. The
use of such tools, which aids the creation of knowledge, mainly through social learning,
is growing quickly and provides important resources that can enhance organizational
learning. However, the organization of knowledge can be improved. To do this, this
study proposes organizing the content into learning objects and subsequently into units
of learning. As a result, a logical sequence of contents can be created, which can facili-
tate learning from contents generated within a company, increasing the organizational
learning.

To validate the approach, an experiment was proposed to evaluate how the units of
learning can help software development, focusing on improvements in existing software.
Pages from Wikipedia and a private wiki were extracted and organized into learning ob-
jects. From these objects units of learning were generated. These units have the content
and sequence defined by a domain expert, and they were formatted as a content pack-
age.

The experiment was an experimental method, which aims to collect data in a con-
trolled environment, to confirm the three hypotheses. Thus, the experimental method ap-
plied was a replicated study with two treatments: participants using the content package
and participants not using content package, all performing the same task.

After applying the experiment, it was concluded that the hypotheses are true, and
through this approach, knowledge can be better organized, helping software developers
understand the problem to be solved faster and better, as well performing the proposed
tasks easily and efficiently.

Furthermore, this approach is efficient mainly in the acquisition of new knowledge
and to avoid unrecognized knowledge. The approach is also an efficient way of helping
the developer to implement a task using an organizational pattern, and can minimize
reinvention of the solution and the repetition of errors. All this is possible, as long as the
learning design schema is well designed by an expert, and the knowledge repository con-
tains all the contents required to generate the learning objects and units of learning.

For future research, we propose reducing the intervention of experts in the generation
of units of learning and implementing the proposed approach in an environment based on
wikis and social networking.
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Organizacinio mokymosi tobulinimas: mokymosi vienety sudarymas
remiantis socialinémis interneto priemonémis

André Luis Andrade MENOLLI, Sheila REINEHR, Andreia MALUCELLI

Naujos technologijos — socialiniai tinklai, vikiai, tinklara$¢iai ir kitos internetinio bendravimo
priemonés — sudaro salygas bendradarbiavimu grjstam darbui ir yra svarbiis bendruomeninio mky-
mosi veiksniai. Daugelis jmoniy naudoja Sias priemones kaip pagrindg jy intraneto svetainése. Vis
délto Siomis priemonémis sugeneruojamas turinys daznai néra tinkamai sutvarkytas. Mokymosi
objektai ir mokymosi vienetai yra dvi el. mokymosi savokos, jgalinancios tvarkyti turinj nuoseklia
seka, taip tobulinant jo pakartotinj naudojima. Straipsnyje sitilomas mokymosi objekty ir mokymosi
vienety generavimo naudojant socialinius tinklus metodas, kuris palengvinty informacijos tvarkyma
siekiant jos pakartotinio naudojimo. Siekiant jvertinti siiloma metoda buvo atliktas eksperimentas
ir diskursyvi tekstiné analizé. Rezultatai rodo, kad metodas yra veiksmingas tobulinant organizacinj
mokymasi programinés jrangos kiirimo grupése. Be to, §is metodas pagerina naujy ziniy jgijima,
padeda prizitiréti organizacing tvarkg ir sumazinti sprendimy keitima bei klaidy pasikartojima.



